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Coulometric titrationsin non-aqueous solvents offer some distinct advantages over conventional titrations. First of all, it is possible to generate and use titrants which are unstable on storage. Moreover, the method is somewhat more sensitive: coulometric titrations can be carried out in the microequivalent range. There is no need for standardization of titrants, and the titration curves show better resolution because of the absence of dilution effects. Finally, coulometric titrations can easily be automated, as the parameters which control the titration are electrical. However, several difficulties are involved in coulometric titrations in nonaqueous solvents. High cell resistances necessitate the use of high voltage sources and even with these the currents that can be obtained are generally low. The separation of the anode and cathode compartment of the cell when non-aqueous solvents are used can also be a problem. For liquids with a high viscosity, sintered glass discs are adequate but with other solvents loss of current efficiency can occur. Ion-exchange membranes which are very satisfactory for this purpose when water is the solvent', usually have too high resistances in organic media. When the course of a titration is followed by potentiometry with the glass electrode, as is mostly the case for the titration of acids and bases, sometimes the slow response of the glass electrode2 makes rapid titrations impossible. Moreover, when the glass electrode is used, the generating current affects the pH reading. By proper cell design this effect can be minimized, but it is very difftcult to overcome comple tely.
Many Solutions of the bases in in-cresol were standardized by titration with hydrochloric acid.
The coulometric titrations were carried out at room temperature in an H-type cell of which the titration compartment had a content of about 30 ml. The working electrode consisted of platinum gauze (area 4 cm"). A platinum wire was used as auxiliary electrode. The course of the titration was followed by potentiometry with a glass electrode (Ingold, type HA 305) and an Ag/AgCl reference electrode filled with 0.1 M tetramethylammonium cnloride in itl-cresol. A salt bridge with 0.1 M TEAP in m-cresol was inserted between the reference electrode and the test solution. These electrodes were connected to a pH meter (Radiometer, type PHM 28). A Philips recorder (PM 8100) was used to record the titration curves. The electrolysis current was delivered by a Metrohm constant-current coulometer (type E 211). Current integration was done with an electronic integrator constructed from a Keithley operational amplifier type K 301. A schematic diagram of the equipment is given in Fig. 1 .
Cotilometric titrcitiorl of acids
The bridge section and the auxiliary electrode compartment of the coulometric cell were filled with 1 M TEAP in /+cresol. The titration compartment of the cell was filled with 15--20 ml of 0.1 M TEAP in rlr-cresol. After insertion of the electrodes, the glass electrode was equilibrated for 10 min in the solution. Then the acid sample dissolved in r!+cresol (0.5-3 ml of 0.01 N) was introduced from a piston burette. The titration was started when the pH meter gave a stable reading, by switching on the current (working cathode) and simultaneously starting the recorder. During titration the current i (A) was monitored by a compensating galvanometer with an accuracy of t O.Ol';/,. From the recorded titration curve, the time t(s), necessary to reach the equivalence point was determined. The amount of acid present in the sample was calculated from the formula: eq. acid = G/96 500
(1)
The cell was cleaned and refilled after each determination.
When not in use, the glass electrode was stored in aqueous buffer pH 7.
Coulometric titrwtioits of bases
For the coulometric titration of bases, a somewhat different procedure was followed. The working electrode was operated as the anode. The cell fillings were the same, except the filling of the titration compartment.
Here 0.1 M TEAP with 0.2 M urea in In-cresof was used. After the lo-min equilibration period for the glass electrode, a small amount of sample was introduced in the titration cell and a test titration was started when the pH meter showed a stable reading. From the recdrded titration curve, the pH value in the equivalence point was determined. By changing the polarity of the working electrode and the auxiliary electrode and switching on the current again, the pH of the solution in the titration compartment was brought back to the value of the equivalence point. Then a sample of base dissolved in In-cresol was introduced from a piston burette (0.5~3 ml of 0.01 N). The actual titration was performed with the working electrode as anode in the circuit. In the vicinity of the equivalence point, the current was decreased and finally stopped when the pH of the solution reached the pH value of the qf' acids typical cou'lometric titration curve is given in Fig. 2 for the for the method, ten titrations of picric acid were performed (Table I ). The standard deviation was +0.6"/,. The other results are summarized in Table II . An example of a differential titration of two acids is given in Fig. 3 for the titration of a mixture of benzenesulfonic acid and picric acid.
__--
Titration of bases
In Fig. 4 the coulometric titration of n-butylamine is given as an example. The results for various bases are summarized in Table III .
DISCUSSION AND CONCLUSIONS
As reported earlier 
T.he net result is the production of ureaH +. For a successful titration, the base to be titrated should react with the ureaH+, which means that the equilibrium constant of the reaction ureaH'+BB=urea+BH+ (5) should be 10' or higher. From the pK',, value of 13.8 for urea in water'l, the pK, value for ureaH + in ,rz-cresol is estimated' 2 to be about 6. Thus the method is suitable for bases with pK,, values above 11 in r?l-cresol or with pK,, values above 6 in water. From Table III , it can be. s&n that the accuracy of 'the titrations increases with increasing strengths of the bases. No explanation can be offered for the low current efficiency in the determination of I+butylamine. In the titrations of the acids. the electrode reaction most likely is: 2 HCres + 2e ---, H,T + 2Cres-as gas evolution can be observed at the working electrode during titration. The weakest acid that could be titrated was iodoacetic acid (pK, in rn-cresol= 13).
Of the ~0 methods used in the end-point determination, that used for the titration of bases, i.e. &ration to-a fixed end-point, has the advantage that the cell solution can be used more than once. However, a pre-titration is necessary to establish the value of the end-point.
The accuracy of the, two methods is about the same. 
